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StnOfARY 

This  rsssarrh  was  Initially  eoncarnad  with  tha  datoxlcatlon  of 
mycocoxlna,  aaprclally  trlcothacena  T2  toxin.  Our  studies  on 
trlcothacanas  have  baan  brought  to  a  conclusion.  Studies  on  Che 
fonaatlon  of  glutathione  conjugates  with  trlcothacena  T2  toxin  were 
carried  out. 

Stxidlaa  have  also  bean  carried  out  on  tha  synthesis  of  glutathione 
aonoastars;  for  axaopla  2  satisfactory  laaChod  for  tha  preparation  of 
glutathlona  monoisopropyl  ostar  hydrochloride  and  of  glutathione 
aonoathyl  aster  sulfate  ware  developed.  Administration  of  these 
compounds  to  mica  leads  to  Increased  levels  of  glutathione  In  the  liver 
and  kidney.  Chemical  studies  on  the  aminoethanol  analog  of  glutathione 
have  been  continued.  Methods  for  the  large  scale  preparation  of  y 
glutamyl  glutathione  are  being  perfected. 

Initial  studies  on  cyanoglnosln  toxin  (supplied  by  U.S.Army 
Medical  Research  and  Development  Command  (USAMRIID))  have  been  carried 
out  and  the  results  obtained  Indicate  that  this  sample  of  the  toxin  is 
of  the  LR  type.  Strxictural  studies  are  consistent  with  earlier  work  and 
thus  Indicate  the  absence  of  a  free  amino  group  and  presence  of  a 
dehydropeptlde  moiety.  The  dehydropeptlde  moiety  appears  to  be 
essential  for  toxicity.  This  may  constitute  a  significant  finding 
because  dehydropeptldes  are  kno%m  to  react  effectively  with  SH> 
compounds.  Studies  have  been  Initiated  on  the  role  of  the  glutathione 
system  as  a  protectant  against  the  toxic  effects  of  cyanoglnosln. 
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Foravord 


c.  Coomarclal  organlzationa  and  trada  naoMa  ara  uaad  in  chia 
raport.  Citations  of  conmarcial  organizations  and  trada  naaes  in  this 
raport  do  not  constituta  an  official  Dapartoant  of  tha  Amy  andorsanent 
or  approval  of  tha  products  or  sarvicas  of  thasa  organizations. 

d.  Animal  axpariaantation  was  approvad  and  is  dascribad  in  the 
raport.  In  conducting  tha  rasaarch  dascribad  in  this  raport,  tha 
investigator  adharad  to  tha  *Guida  for  tha  Cara  and  Usa  of  Laboratory 
Animals"  praparad  by  tha  cooBittaa  on  cara  and  usa  of  laboratory  animals 
of  tha  Instituta  of  Laboratory  Animal  Raaources,  National  Rasaarch 
Council  (DHEU  publication  no.  (NIH)  78*23,  ravisad  1978). 
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lil . late.,..flg  Uit . StBort 

1 .  Stattmtnt  q£  groblca 

This  rssesrch  is  concerned  with  the  detoxicstion  of  toxins  of 
potential  ailitary  interest.  Approaches  based  on  augoancation  of  the 
glutathione  systaa  as  well  as  other  approaches  are  under  investigation. 
Initially  toxins  of  the  trichothacana  group  stich  as  T>2  toxin  have  been 
exaained.  In  ac''ordance  with  a  change  of  scope  of  the  research  (carried 
out  after  nutual  agxeeswnt  between  the  Departaent  of  the  Aray  and  the 
principal  investigator) ,  the  trichothecene-related  research  has  been 
brou^t  to  a  close  and  examination  of  toxins  of  the  cyanoginosin  group 
have  been  undertaken.  The  studios  on  trichothecanes  and  our  initial 
work  on  the  cyanoginosin  toxins  are  considered  in  paragraphs  (a)  and 
(b) ,  respectively,  below. 

(a)  The  trichothecene  toxins  are  extremely  poisonous  and  produce 
severe  symptomatology  including  skin  blistering,  dizziness,  nausea, 
hematemasis  and  other  symptoms.  Thera  is  evidence  that  such  toxins  have 
been  used  as  weapons.  The  effects  of  such  toxins  are  kno%m  to  develop 
rapidly  and  might  incapacitate  members  of  a  military  force  if  used 
effectively  by  an  enemy.  Pretreatment  of  military  personnel  with  a 
protective  agent  might  have  significant  potential  valua.  Clearly  the 
development  of  an  effective  treatment  for  this  type  of  toxicity  is 
important . 

(b)  Toxins  of  the  cyanoginosin  group  are  produced  by  blue -green 
algae.  These  toxins,  idiich  have  been  found  throughout  the  world,  have 
been  implicated  in  animal  mortality  and  human  morbidity.  They  have  been 
found  as  toxic  contaminants  of  municipal  water  reservoirs  and  in  ponds 
and  lakes  in  many  locations.  After  the  toxin  is  administered  to 
experimental  animals,  a  variety  of  serious  symptcmacology  develops. 
Symptoms  include  thrombocytopenia,  pulmonary  thrombi,  and  hepatic 
congestion.  Toxicity  seems  to  begin  in  the  liver  and  liver  damage  is 
apparently  the  primary  cause  of  death. 

A  few  reports  have  appeared  on  the  chemical  structure  of 
cyanoginosins.  One  such  toxin  appears  to  be  a  cyclic  hepta-peptide , 
which  contains  only  two  amino  acid  residues  that  are  also  found  in 
proteins.  The  other  five  amino  acid  residues  include  D-alanine,  /9* 
methyl -D- aspartate ,  D-glutamate,  N-methyldehydroalanine,  and  an  unusual 
;9*amlno  acid  (3*amino*9-methoxy-2,6,8>trimethyl>10-phenyldeca-4,6- 
dianoic  acid;  adda) .  It  is  possible  that  sosw  of  these  toxins  may  be 
penta  or  haxa  paptidsc.  On  the  basis  of  current  information,  these 
toxlxxs  contain  three  itivariant  amino  acid  residues;  the  variant  amino 
acid  residues  include  the  L- Isomers  of  alanire,  arginine,  leucine,  and 
owthlonine.  Thus  far,  these  toxins  have  not  been  found  to  contain  free 
amino  groups. 

Our  current  research  relates  to  elucidating  the  chemical 
structures  of  these  toxins.  Another  objective  is  to  develop  procedures 
for  quantitative  determination  of  the  toxins.  We  wish  to  investigate 
enzymatic  and  chemical  methods  for  the  modification  of  the  toxins  with 
the  goal  of  identifying  the  structural  features  associated  with 
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toxicity.  This  inforastion  will  bo  usod  in  efforts  to  develop 
procedures  for  detoxicetion. 

2.  Background  of  Studies  on  the  Clutathlon*»  System 

Aniael  cells  use  several  aechar.isns  foi*  protection  against  toxic 
coopounds  of  endogenous  and  exogenous  origin.  The  tripeptide 
glutathione  (L-y-glutaayl-L-cysteinyl-glycine) ,  which  is  present  in 
virtually  all  animal  calls,  plays  a  SMjor  role  in  cellular  protection. 
Glutathione  functions  in  the  detoxication  of  many  types  of  compounds 
including  reactive  oxygen  species,  compounds  possessing  electrophilic 
canters,  and  other  compounds  into  which  electrophilic  moieties  nay  be 
introduced  by  metabolic  reactions.  There  is  an  extensive  literature  on 
this  subject;  sea  for  example  (1*7).  The  pathway  by  which  many  foreign 
compounds  undergo  detoxication  involves  reaction  with  glutathione  to 
form  the  corresponding  glutathione  conjugates;  such  reactions  are 
catalyzed  by  glutathione  S- transferases,  but  may  occur  nonenzymatically 
with  certain  compounds.  The  conjugates  are  converted  by  the  action  of 
yglutamyl  transpeptidasa  to  the  corresponding  S-substituted 
cystainylglycine  derivatives.  The  latter  are  converted  to  the 
corresponding  S*aubscltuced  cysteine  derivatives  by  the  action  of 
dipeptidase.  S* Substituted  cysteine  derivatives  of  this  type  may 
undergo  N*acatylation  to  form  Che  corresponding  N-acetyl  derivatives.  * 
An  additional  pathway  of  metabolism  of  S*substicuced  cysteines  involves 
transpepCidation  between  glutathione  and  S-substituted  cysteines  to  form 
Che  corresponding  yglutamyl-S-subscitucsd  cysteines  (3,6). 

Many  of  the  compounds  that  are  of  interest  from  the  military 
standpoint  mny  be  expected,  by  virttie  of  their  chemical  structures  and 
properties,  and  in  some  instances  on  the  basis  of  experimental  work,  to 
undergo  detoxication  reactions  involving  glutathione.  Although  the 
available  data  do  not  support  the  belief  chat  glutathione  is  a  panacea 
for  all  toxic  compounds,  chare  is  sufficient  evidence  to  believe  chat 
this  tripeptido  can  substantially  ameliorate  many  types  of  toxicity. 
For  example,  research  in  our  laboratory  and  independent  work  at  USAMRIID 
has  shown  that  the  toxicity  of  Che  trlchothecene  toxin  T-2  is 
significantly  decreased  in  mica  treated  with  L>2-oxochiazolidine-4> 
carboxylate,  a  compound  that  increases  cisssie  levels  of  glutathione, 
especially  the  liver.  Acetaminophen  has  been  used  as  a  modal  compound 
for  the  study  of  toxicity  and  detoxiciation.  In  animals  created  with 
large  doses  of  acetaminophen,  a  substantial  amount  of  Che  highly 
reactive  toxic  intermediate  produced  by  oxidation  of  acetaminophen  is 
conjugated  with  glutathione.  It  is  significant  chat  procedures  that 
increase  liver  glutathione  levels  are  dramatically  effective  in 
protecting  experimental  animals  from  acetaminophen  toxicity.  Thus, 
administration  of  L-2-oxochiazolidine-4>carLoxyIace  to  mica  was 
completely  effective  in  protecting  mica  from  an  LD:90  dose  of 
acataminiophen  (12) . 

The  glutathione  levels  of  tissues  can  be  increased  by  several 
procedures,  as  described  below.  Tissue  levels  of  glutathione  may  also 
be  decreased  by  administration  of  selective  inhibitors  of  y glutamyl 
cysteine  synthetase,  the  enzyme  chat  catalyzes  the  first  step  in  the 
biosynthesis  of  glutathione.  A  very  useful  compound  in  this  series  is 
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L*buthionliM-SR*sulfoxlaln«  (9),  but  oth«r  aulfoxlaiiMa  and  atlll  othar 
coaqKJunda  aay  ba  of  valua  In  tha  aalactiva  daplacion  of  tlaaua 
glutathlona  lavala. 

Clutachlona  lavala  nay  ho  Incraaaad  by  adainlaCarlng  coopounds 
that  incraaaa  cho  tlaaua  lavala  of  cyaraina  or  7-glutaiaylcystaino ;  chase 
coapounda  ara  uaad,  raapactivaly ,  by  7*glutaaylcyscaina  aynthacaaa  and 
by  glutathlona  aynthataaa  for  tha  aynthaala  of  glutathlona.  Anothar 
approach  to  Incraaalng  tha  glutathlona  lavala  of  tlaauaa  la  to 
adainlatar  a  pro-drug  eonalatlng  of  a  darlvatlva  of  glutathlona,  which. 
In  contraat  to  glutathlona,  la  raadlly  tranaportad  Into  calla.  Aftar 
tranaport,  auch  coapounda  ara  affactl'/aly  convartad  to  glutathlona 
Intracalltilarly.  A  coi^Mund  of  chla  elaaa  which  haa  baan  axaalnad  In 
aooM  datall  la  glutathlona  aonoathyl  aatar  (7-glutaaiylcyaCalnylglycyl 
athyl  aatar}  (8,10,11).  In  thla  roaaarch,  pro-druga  of  cyatalna,  othar 
thlola,  and  glutathlnna  ara  balng  axaalnad.  Thaaa  and  tha  ocher 
coapounda  of  Intaraat  ara  balng  aynthaalzad  by  chaaleal  and  by  anzyaaclc 
aathoda  and  taatad  for  chair  ability  to  procact  agalnac  toxicity. 
Anothar  approach  to  tha  datoxlcation  of  various  toxins  will  Involve 
efforts  to  Isolate  anzyaaa  that  act  on  toxins.  In  chla  work,  anrlchaanC 
culture  tachnlquas  will  ba  aaployad. 

lha  studies  carried  out  under  Chla  contract  ara  balng  conducted  by 
prior  arrangeaanc  and  agreenant  with  aclanClsta  concurrently  studying 
this  problea  at  U.S.  Aray  Medical  Research  Instltuta  of  Infectious 
Diseases.  Tha  research  carried  out  at  USAMRXIO  la  subalccad  under  work 
unit  S-lO-AiQ-197;  rasaarch  unit  nuabar  S-lO-AQ-0-12. 

3 .Rpaulta 

3a.  Experiments  to  probe  the  fomatlon  of  alutathlone  eonlugates 
with  trichothacene  T-2  toxin. 

Introduction.  Exparlaanta  ware  perforaad  Co  probe  for  GSH 
conjugate  foraatlon  with  T-2  toxin  and  tha  excretion  of  this  conjugate 
and/or  Its  aaCabolltaa  In  tha  bile  and  urine.  These  experiments  were 
canled  out  on  rats  (300-400  g) .  The  anlisala  were  treated  with 
[^^S] cyatalna  and  aubsaquantly  prepared  for  bile  collection.  Prior  to 
bile  collactlon,  the  animals  vara  treated  with  T-2  toxin,  and  bile  and 
urlna  vara  obtained  at  Intervals.  Ve  developed  procedures  for  the 
analyls  of  bile  and  urlna  for  glutathione  metabolites,  T-2  toxin 
matabollCes,  and  glutathlona -toxin  conjugates.  The  samples  are  created 
with  dlchlothreltol  and  subsequently  with  2-vlnylpyrldlne,  to  derlvaclze 
sulfhydryl  containing  compounds .  Analyses  wars  carried  out  by 
chromatography  on  a  modal  500  Ourrum  amino  acid  analyzer  equipped  for 
fraction  collection. 

Methods .  [''''S]  Cysteine  (1.2  mCI,  carrier-free)  was  Injected 
Intraparltoneally  Into  300-400  g  rats.  In  0.5  ml  of  phosphate-buffered 
saline.  In  order  to  label  Che  hepatic  GSH  pool.  Four  hours  later  the 
rats  vara  anaesthetised  (60  mg/kg;  pentobarbital),  tracheotomized  (PE 
205),  and  cannulatad  In  the  Jugular  vain  (PE  10),  and  In  the  bile  duct 
(PE  10)  above  Che  entry  of  pancreatic  ductules.  Bile  was  collected  for 
0.5  hour  to  obtain  a  background  profile  of  excretion,  and  Chen  [^H]- 
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lab«l«d>T*2  toxin  (S  mCI;  0.36  /laolo)  vu  injaetad  via  tha  Jugular  vain 
cannula.  Blla  vaa  collactad  for  two  additional  ona  hour  parloda.  Urina 
vaa  than  withdrawn  froa  tha  bladdar  by  naadla  punctura.  Portions  of 
aach  aaaipla  (0.2  al)  wara  traatad  with  10  ^1  aach  of  1  H  dlthlothraltol 
and  2*vlnylpyrldlna  to  radtica  and  darlvatiza  tha  sulfhydryl  coapounds;  1 
hour  latar,  SO  >il  of  1.5  H  sulfosallcyllc  acid  was  addad  and  tha  saaplas 
wara  cantrlfugad  to  raaova  tha  praclpltatad  protaln.  Tha  pH  was 
adjustad  to  2.2  by  adding  NaOH,  and  portions  of  aach  aaopla  wara  applied 
to  (1)  a  Durrua  SOO  aalno  acid  analyzer  using  tha  "physiological” 
elution  procedure  (Na  citrate  buffers);  and  (2)  a  ravarsa  phase  HPLC 
coluan  (Bloall  00S*3S),  and  alutad  Isocratlcally  with  30%  Isopropanol  in 
Sorensen's  cltrata  buffer,  pK  2.2  (flow  rata;  0.45  al/ain) .  Eltisca 
fractions  wara  collactad,  (40  x  5  aln  froa  tha  Durrua,  and  30  x  1.5  aln 
froa  HPLC) .  Olalaclnt  (National  Diagnostic)  scintillation  fluid  was 
addad,  and  tha  saaplas  wara  counted  on  an  LXB  Bata  Rack  liquid 
scintillation  covmtar  prograanad  for  dual  label  analysis.  Tha  HPLC 
aluata  was  also  aonltorad  by  UV  absorbance  at  220  na.  Tha  elution  tiaas 
of  tha  radioactive  peaks  wara  coaparad  with  standards  prepared  as  tha 
vln/lpyridlna  darlvatlvsa  of  known  sulfur -containing  coapounds 
(cysteine,  OSH,  y-glutaayl-GSH,  7-glutaayIcystalna,  and 
cystelnylglyclna)  dataralnad  on  tha  Durrua,  and  with  trlchothacena 
standards  on  tha  HPLC,  (28.5  aln  for  '”•2  and  21.5  aln  for  HT-2). 

Results.  Aalno  acid  analysis  of  blla  saaplas  obtained  prior  to  T- 
2  dosing  contained  ^^S-labalad  CSH,  y-glutaayl-CSH,  cystaina  and 
cystelnylglyclna.  A  large  fraction  of  the  label  also  alutad  earlier 
froa  tha  aalno  acid  analyzer  at  tisMs  corresponding  to  taurine. 
Inorganic  sulfate  and  other  oxidized  aatabolltas  of  cysteine  sulfur. 
(Tha  conjugated  blla  acid  taurocholata ,  which  Is  sacratad  in  bile  at 
high  concentrations,  could  also  contain  this  radlolabal,  and  would  be 
expected  to  elute  In  these  early  fractions).  Reverse  phase 
chroaatography  of  the  saaa  saaplas  gave  a  siailar  nuabar  of 
radlolaballad  peaks.  Following  tha  adainistration  of  T-2,  a  single 
large  peak  of  activity  alutad  In  tha  eerly  fractions  of  the  aalno 
acid  analyses  of  both  urina  and  blla.  The  activity  peaks  appearing 
in  blla  vara  unchanged  by  this  traatMnt,  and  no  now  peaks  appeared.  In 
tha  urine  saaplas,  alaost  all  of  both  radlolabels  alutad  in  tha  acidic 
or  uncharged  fractions.  Tha  reverse  phase  analyses  ylaldad  two  ^H 
containing  peaks  In  blla,  both  of  which  alutad  aarllai  than  T-2  or  HT-2; 
urine  contained  peaks  with  siailar  elution  tiaas,  but  with  different 
aaounts  in  each,  and  also  contained  a  third  peak  with  tha  saaa  elution 
tlae  as  HT-2.  Tha  level  of  appearing  In  tha  bile  was  about  70,000 
dpa/a.1  for  all  collections,  and  did  not  appear  to  be  altered  by  the 
adailnistratlon  of  T-2  or  ^a  concoaltant  biliary  appearance  of  its 
aatabolltas.  About  3.4  x  10^  DFK  of  hi  wara  excreted  In  tha  bile  during 
tha  first  two  hours  after  giving  T-2,  while  about  2.06  x  10®  DPM 
appeared  In  tha  urine  over  the  saaa  tlae.  Excretion  of  over  tha 
aasM  period  was  175,000  DPM  In  blla  and  685,000  DPM  In  urina. 

Interpretation.  Tha  axperiaental  approach  used  here  was  designed 
to  reveal  a  saall  detoxification  pathway  involving  the  direct 
conjugation  of  T-2  or  Its  aatabolltas  with  CSH.  Both  the  toxin  and  the 
GSK  pool  wara  labeled  in  order  to  optlalza  detection  of  trace  aaounts  of 
any  conjugate.  Saaplas  wara  analyzed  by  two  chroaatographlc  aathods  to 
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d«C*ct  Ch«  coalutloTi  of  thw  tvo  radlolabols  in  auch  a  way  as  to  ba 
conaiatant  with  ths  chaalcal  propartiaa  of  auch  a  conjugata.  Tha  aalno 
acid  analyzar  la  prloarily  a  cation  axchanga  ayatam,  but  axhiblts 
additional  aaparation  baaad  on  hydrophoblcity .  Undarivatizad  CISH  alutes 
at  about  20  alnutaa  in  this  ayataa,  wharaaa  its  vinylpyridlne 
darivativa,  which  is  aora  hydrophobic  and  contains  an  additional 
cationic  aits,  alutas  at  86  aln.  Conjugation  of  CSH  with  a 
trichothacana  aolacula  would  incraaaa  its  hydrophoblcity,  and  tha 
corrasponding  alution  tijM  would  ba  axpactad  to  occur  toaawhara  batwaen 
thaaa  two  standards.  No  datactabla  label  was  dalayad  in  this  aannar 
howavar;  all  this  labal  had  alutad  in  fractions  aarliar  than  thosa 
corroaponding  to  undarivatizad  GSH,  and  no  shifts  in  tha  label  of 
tha  latter  coapound  ware  noted  with  T-2  traataant.  Althougl,  the 
ulriaata  product  of  tha  narcapturic  pathway  in  urina  would  be  expected 
to  ba  an  N>acatylcyataina  conjugata,  tha  aora  iomediats  GSH, 
cystainylglycina ,  cysteine,  and  7*glutaaylcyataina  conjugatas  would  ba 
axpactad  to  appear  in  bile;  however,  thaaa  ware  not  datactad.  Siailar 
results  ware  obtained  with  the  HPLC  analyses.  Separations  with  this 
ayataa  era  baaad  on  hydrcphobicity.  HT-2  and  T>2  are  both  strongly 
hydrophobic,  with  three  (HT-2),  or  all  four  (T-2)  of  tha  trlchothecene 
hydroxyl  groups  converted  to  acatyl  or  valaryl  sstara.  Both  toxins  are 
known  to  undergo  da-aatarif.^  cation  to  a  tatrol  nucleus  followa<'  by 
glucuronidatlon  or  aulfoaatariflcation  on  one  or  more  of  these 
hydrci/ls.  The  containing  peaks  appearing  in  HPLC  fractions  earlier 
than  thosa  corresponding  to  the  T-2  and  HT-2  standards  would  be 
consiatant  with  tha  biliary  and  urinary  appaaranca  of  such  aatabolites. 
Tha  absanca  of  radioactivity  eluting  at  tiaaa  corresponding  to  the 
parent  coapounds  raflecta  their  extanaive  hepatic  oatabolisa  prior  to 
their  biliary  excretion.  Tha  soall  aaount  of  HT-2  in  the  urine  may  have 
resulted  from  direct  filtration  of  this  initial  metabolite.  The  early 
appaaranca  of  portions  of  both  labels  in  tha  chromatographic  procedures 
is  assuoed  to  ba  coincidental,  reflecting  a  failure  in  resolution  of  the 
compounds  responsible,  and  is  not  consistent  with  the  chemical  identity 
of  a  GSH  conjugata.  In  particular,  the  prasuoptiva  conjugate  would  be 
expected  to  retain  a  free  amino  group  on  the  glutathione  moiety  and  on 
all  subsequent  metabolites  prior  to’  acetylation  of  the  cysteinyl 
darivativa,  (tha  final  seep  in  the  mercapturlc  acid  pathway).  All  such 
species  would  bind  to  the  cation  exchange  column  and  elute  at 
considerably  later  times  than  those  observed. 

Thus,  considering  the  sensitivity  of  ths  radiochemical  and 
chroMtographic  methods  employed,  we  estimate  that  less  than  1%  of  T-2 
metabolism  involves  tha  direct  conjugation  with  GSH.  However,  we  note 
that  reactions  Involving  participation  of  GSH  as  a  free  radical 
scavenger  and  in  tha  maintenance  of  the  cellular  thiol  redox  status  may 
be  of  considerable  importance  in  mitigating  the  biochemical  lesions 
produced  by  T-2  intoxication.  These  reactions  would  be  expected  to  be 
of  particular  importance  at  later  stages  of  poisoning  as  the  cellular 
mechanlams  of  regeneration  and  recovery  emerge.  Indeed,  such  reactions 
may  account  for  tha  previous  findings  that  adnlnistratlcn  of  buthionlne 
sulfoximina,  an  inhibitor  of  glutathione  synthesis,  increases 
sensitivity  to  trichothacana  toxin,  and  that  administration  of  L-2- 
oxothiazolldine-4-carboxylate  increases  resistance  to  the  toxin. 
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3b.  Studi««  on  Glutathlona  Eatara 

Svnthaiia  of  Glutathiona  MonQliooroPYl  Eaf r  Hvdrochlorid* 

This  compound  vaa  praparad  aa  part  of  an  affort  to  atudy  tha 
affacca  of  varloua  glutachlona  darivadvaa  on  tlaaua  glucathlona  lavala. 
Tha  procadura  for  prap^raclon  of  chla  compound  followa  that  uaad  for  the 
praparaCion  of  glutachlona  monoathyl  aatar.  Tha  apacific  dataila  for 
Chla  praparaCion  vnra  aa  followa:  Glucathlona  (10  g;  32.5  mmol)  vaa 
addad  co  a  cold  (4-6°  C)  aoluclon  of  laopropanol  (pravloualy  drlad  ovar 
a  molacular  alava)  containing  hydrogan  chlorlda  (3  g;  65  onol)  In  a 
voluma  of  127  ml  In  a  500  ml  round  bottom  flaak.  Tha  mlxcura  waa 
awlrlad  occaalonally  and  afcar  24  houra,  cold  diathyl  athar  waa  addad  co 
praclplCata  tha  product.  Tha  product  waa  racovarad  by  dacantatlon  cf 
tha  aupamatant  solution  and  waa  drlad  ovar  P2OJ  and  KOH  undar  vacuum. 
Tha  ylald  waa  12.3  g  (98%).  Analysla  on  tha  Durrum  PMdal  500  amino  acid 
analyzar  showad  chat  tha  product  contalnad  only  8%  glutachlona. 

Tha  affactlvanasa  of  tha  monoisopropyl  astar  of  glucathlona  was 
axaalnad  In  faatad  mica  pratraatad  (for  3  hours)  with  L-buthlonlna-SR- 
aulfoxlalna  (3SO)  (2  mmol/Kg) .  Two  hours  aftar  Intraparltonaal 
Injacclon  of  glucathlona  monolsopropylaatar  hydrochlorida  (doaa,  10 
mmol/Kg) ,  tha  kldnays  and  livers  wars  removad  and  analyzad  for  total 
glutachlona  by  tha  automatad  OTMB-Raductasa.  Tha  following  rasults  ware 
obcalnad: 


Trgaoatnc 


CSH  (umol/e) 


Kidnsy  Uysi 


BSO,  alona  0.30  ±  0.02 
BSO,  GSHlsopropyl  astar  1.63  ±  0.37 
BSO,  GSHachyl  astar  3.28  ±  0.34 


0.58  ±  0.09 
1.56  ±  0.23 
1.44  ±  0.04 


Tha  findings  Indlcata  chat  tha  lavala  of  glutathione  In  the  liver 
and  kidney  wars  significantly  Incraasad  by  administration  of  glutathione 
Isopropylestar  hydrochloride.  However,  tha  Increase  In  tha  kidney  was 
not  aa  great  as  Is  found  with  glutachlona  ethyl  ester  hydrochloride.  Ve 
have  not  yet  carried  out  studies  on  the  time  course  of  the  effect  of 
this  aster. 


Synthesis  of  Glutathione  Monoethvl  Ester  Sulfate 

Va  have  continued  our  efforts  to  obtain  a  more  stable  form  of 
glutathione  monoethyl  ester.  In  the  course  of  this  work,  we  have 
prepared  glutathione  monoechyl  ester  sulfate  (l.e.,  L-y- glutamyl -L- 
cystalnylglycylethyl  ester. 0.5  H2S0^).  Tha  following  procedure  was 
used.  Glutathione  (2.5  g)  was  added  to  a  200  ml  round  bottom  flask 
containing  0.59  ml  of  sulfuric  acid  and  25  ml  of  ethanol  at  0°  C.  The 
flask  waa  swirled  occasionally  and  allowed  to  stand  overnight.  The 
unreactad  glutathione  was  removed  by  filtration  and  the  glutathione 
monoethyl  ester  sulfate  was  preclplated  by  addition  of  cold  diethyl 
ether  (about  200  ml) .  The  product  was  dried  over  P2O2  In  vacuum. 
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Th«  biological  offactivanaas  of  glutathiona  aonoathyl  aicar 
sulfata  vaa  axaainad  in  aica  that  had  baan  faacad  for  18  hours  and 
pravioualy  craaCad  with  L*buthionina*SR-aulfoxialna  (2  BBol/Kg)  four 
hours  prior  Co  aacrifica.  Tha  glutathiona  aonoathyl  aatar  sulfata  was 
adainiatarad  intraparitonaally  at  a  dosa  of  10  aaol/Kg.  Thraa  hours 
laCar  Cha  aica  vara  sacrificad  and  tha  kidnays  and  livars  ware  ramovad 
and  iaaadiacaly  hoaoganizad  in  5%  (v/v)  S*sulfoaalicylic  acid.  Total 
glutathiona  was  dataminad  by  cha  autoauiCad  OTNB  t  jducCasa  procadura . 
Tha  following  raaulcs  wara  obtainad: 


Triatawnt 


Kidnav 


Ll£SI 


BSO,  alona  0.30  i  0.02 
BSO,  GSH  2.00  ±  0.59 
BSO.  GSH  aatar  sulfata  5.38  ±  0.83 


0.58  ±  0.09 
1.04  ±  0.28 
1.57  ±  0.22 


Tha  findings  indicaCa  that  glutathiona  aonoathyl  aatar  sulfata  is 
affacciva  in  raising  cha  glutathiona  lavala  of  kidnay  and  livar.  Tha 
coapound  doaa  not  aaan  to  ba  daliquascant  and  hopafully  will  prova  Co 
aora  stabla  on  storaga  chan  cha  corrasponding  hydrogen  chloride 
darivativa . 


Appendix  2  lists  saaplas  of  glutathiona  asters  sent  to  USAHRIID 
CogaChar  with  procedures  for  dissolving  chase  coapotmds. 

3c.  -flliieathiona 

In  cha  course  of  our  studies  on  cha  biliary  axcracion  and 
actabolisa  of  glutathiona  and  its  conjugates,  we  discovered  a  new 
aataboliCa  of  glutathiona,  nanaly  7*gluCaayl  glutathiona.  This 
tatrapapcida  is  foraad  by  autocranspaptidacion  catalyzed  by  y* glutamyl 
crxnspapcidasa  in  a  reaction  involving  2  molecules  of  glvtathione.  The 
finding  of  yglutamyl  glutathiona  in  bila  is  most  intarasting  because 
this  is  cha  first  time  that  this  autocranspaptidacion  product  has  been 
found  in  natura.  In  bila,  y glutamyl  glutathiona  nay  ba  present  in 
concentrations  chat  are  greater  chan  300  fM.  Kotably,  this  level  is 
much  higher  chan  that  of  most  of  cha  other  amino  acids  normally  found  in 
bila.  Tha  chemical  identity  of  this  compound  was  established  by  showing 
that  it  yields  2  molecules  of  glutamate  and  1  molecule  of 
cysteinylglyclxM  after  exhaustive  enzymatic  hydrolysis  by  y-glutamyl 
Cranspaptldasa .  Tha  elution  behavior  of  this  compotmd  on  Che  amino  acid 
analyzer  has  bean  dataminad.  Whether  y-glutamyl  glutathione  can  be 
transported  into  calls  is  not  yet  knotm.  Va  plan  to  examine  this  point. 
Va  also  need  to  know  whathar  y^glutamyl  glutathiona  acts  as  a  substrate 
for  glucachions'S-cransferase,  yglutamyl  cyclotransferase ,  and 
glutathiona  raductasa.  Further  studies  on  cha  formation  of  y-glutamyl 
glutathiona  by  IntcracCion  of  glutathiona  with  yglutamyl  transpeptidase 
are  being  done.  Va  plan  to  carry  out  studies  on  cha  large  scale 
chemical  preparation  of  this  compound. 
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3d.  AMlno*eh*nol  Analog  of  Glutathlona 

Our  r*s«arch  on  th*  now  onolog  of  gluCothlono  in  which  tho  glycino 
rooiduo  is  roplscod  by  on  oaino  othonol  aoiocy  hos  boon  continued.  In 
tho  course  of  those  studios,  wo  discovered  thot  some  of  tho  products 
obtoinod  contained  a  now  coapound  not  previously  detected.  Some 
products  contained  about  10%  of  the  new  coapotmd,  whereas  others 
contained  as  much  as  50-70%  of  the  new  material.  An  effort  is  currently 
in  progress  in  order  to  detemine  the  nature  of  the  new  compound  and  the 
■achanisa  of  its  formation  during  borohydride  radviction  of  7- 
glutaaylcystoinylglycyl  ethyl  ester. 

In  the  course  of  this  work  an  attempt  was  made  to  synthesize  L-7- 
glutamyl-L-cystainylaainoethanol  in  the  bioraactor  system  previously 
designed  in  this  laboratory.  In  this  approach,  a  strain  of  E.  coll 
genetically  engineered  so  as  to  contain  high  levels  of  y- 
glutamylcysteine  synthetase  and  glutathione  synthetase  is  immobilized 
and  rendered  more  permeable  to  low  molecular  weight  compounds.  This 
preparation  of  E.  coll  has  been  sticcessfully  used  for  the  preparation  of 
certain  analogs  of  glutathione.  Efforts  to  apply  this  method  to  the 
synthesis  of  y-glutamylcystsinylaminoethanol  wero  not  fruitful, 
apparently  because  glutathione  synthetase  does  not  use  aminoethanol  in 
place  of  glycine. 

3^^  StudUa  .on  Enrlcbafloi:  CuIuki 

As  part  of  our  program  to  attempt  isolation  of  enzymes  that  act 
upon  cyanoginosin  toxins,  enrichment  culture  and  related  approaches  are 
being  employed.  Since  insufficient  toxin  was  available  at  the 
initiation  of  this  research,  we  were  not  able  to  carry  out  enrichment 
cultures  with  the  toxin  itself.  However,  since  cyanoginosin- LA  has  been 
reported  to  contain  a  ^-aspartyl  linkage,  we  carried  out  preliminary 
enrichment  cultures  using  the  optical  isomers  of  asparagine  (aspartic 
acid-^-amida)  as  the  substrate.  This  was  done  to  explore  the  idea  that 
an  organism  selected  for  its  ability  to  cleave  the  amide  of  asparagine 
might  also  exhibit  similar  hydrolytic  activity  toward  the  ^-aspartyl 
moiety  of  the  toxin. 

The  procedure  was  essentially  that  described  earlier  for  isolation 
of  an  organism  containing  large  amounts  of  5-oxoprolinasa  (13).  The 
enrichment  medium  contained  40  mM  L-  or  D-asparagine ,  5.5  mM  KHnPO^,  3.5 
mH  NajHPO^^,  0.80  mM  MgSO^,  0.20  mM  CaCl2,  15  /iM  FeClj,  15  MnCl,,  and 
4.0  fM  cures  were  carried  out  at  pH  7.0  at  26°  C. 
Throe  pure  culrures  of  bacterial  wore  isolated  by  enrichment  of  L- 
asparaglne  and  three  pure  cultures  were  isolated  by  enrichment  on  D- 
asparagina.  Those  calls  are  being  preserved  and  will  be  tested  for 
activity  against  the  toxins  when  siifficiently  large  sample,?  of  these 
materials  become  available  to  us. 
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3f.  Studiaa  on  SmpI*  at  Cvanoginoain  Toxin  Sunoltad  bv  USAMRIID 

CaifiiafiYitla  toxin  782QQ116fiC8} . 

A  portion  (approxlaotaly  2  alcrograas)  of  this  toxin  was 
hydrolyzod  in  6  M  hydrochloric  acid  under  nitrogen  for  3  hours  at  150° 
C.  The  hydrolysate  was  then  derivatized  with  phei^lisothiocyanata  and 
the  derivatized  aiino  acids  present  were  separated  by  HPLC.  This 
analysis  indicated  the  presence  of  the  following  aaino  acids:  leucine, 
alanine,  arginine,  ^-aet^ylaspartic  acid,  and  glutaaie  acid.  These  were 
present  in  approxljwtely  equlaolar  quantities  (1:0.9: 1:1:1) .  The 
assignaants  and  relative  ratios  were  based  on  the  retention  tines  and 
areas  obtained  with  the  corresponding  authentic  aaino  acid  standards. 
^-Hethylaspartic  acid  eluted  as  2  peaks  (2.2  and  2.6  minutes).  The 
first  peak  coeluted  with  glutamic  acid  and  the  area  for  this  aaino  acid 
peak  was  greater  than  that  for  the  other  amino  acids.  The  areas 
corresponding  to  the  authentic  standards  of  ^'iietlqrlaspartic  acid  and 
glutamic  acid  were  found  to  be  almost  identical.  Thus,  the  method  of 
calculation  of  the  relative  ratios  of  these  aaino  acids  must  be  the  sum 
of  the  areas  of  the  peaks  obtained  at  2.6  and  2.2  minutes  divided  by  a 
factor  of  2.  The  findings  indicate  that  the  toxin  supplied  to  us  by 
USAMRIID  is  apparently  equivalent  to  the  cyanoginosin  toxin  designated 
as  IR. 


When  we  treated  the  toxin  obtained  ficon  USAMRIID  with 
phenylisothiocyanate,  no  derivative  could  be  detected  by  HPLC.  This  is 
consistent  with  the  absence  of  a  free  aaino  group  as  previously  noted  by 
others  (14-17). 

It  is  known  that  dahydropeptides  can  be  converted  to  ammonia  and 
Che  corresponding  m-keto  acid  by  axucyaatlc  moans  and  also  by  treatment 
with  mineral  acid.  For  example,  glycyldahydroalanins  is  converted  under 
such  conditions  to  products  chat  include  ammonia  and  pymvate.  Ve  have 
attempted  to  obtain  evidence  for  the  formation  of  pyruvic  acid  after 
traatiBanC  of  cyanoxinosin  LR  with  HCl  (1-2  H)  at  tasq>eratures  varying 
from  26°  C  Co  100°  C.  Thus  far  no  pyrxrric  acid  hu  been  found  by 
sensitive  enzymatic  casts  using  lactate  dehydrogenase  and  HADH;  however, 
in  control  experiments  with  comparable  amounts  of  authentic  pyruvic  acid 
and  with  standard  dehydropepcide  preparations  such  as 
acetyldahydroalanlne ,  we  did  not  find  pyruvate  after  acid  treatment. 
Presumably  any  pyruvate  formed  from  the  toxin  would  have  been  destroyed 
under  these  conditions .  This  work  is  being  continued. 

Ve  have  also  treated  Che  USAMRIID  toxin  sample  with  sodium 
borohydrlde  essentially  by  the  procedure  of  Botes  ec  al  (18) .  A  sample 
of  the  toxin  was  also  subjected  Co  pulse  hydrolysis  in  6  H  hydrochlozic 
acid  under  nitrogen  at  100°  C  -for  5  minutes.  Total  hydrolysis  was 
carried  out  in  6  M  hydrochloric  acid  under  nitrofsn  at  150°  C  for  3 
hours.  After  treatment  of  the  toxin  with  sodium  borohydrlde,  no  free 
amino  acids  were  detected  by  Che  HPLC  procedure.  This  finding  suggests 
chat  Che  prodxict  of  borohydrlde  creatawnt  is  an  intact  cyclopepcida. 

Toxicity  studies  were  carried  out  on  the  untreated  toxin,  toxin 
subjected  to  pulse  hydrolysis,  toxin  subjected  Co  total  hydrolysis,  and 
toxin  treated  with  soditas  borohydrlde.  In  addition,  a  control  was 
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carriad  out  in  -diich  cha  borohydrida  raaetlon  alxtura  (lacking  toxin) 
waa  axaalnad  for  toxicity.  Mica  (aala)  walghlng  20 -2S  g  of  tha  Swlas 
tfabatar  strain  (Taconlc  Faras)  fad  ad  libitum,  wara  usad  In  thesa 
studlas.  A  solution  containing  4.6  of  toxin  was  employed  and  a 
dose  of  0.046  fig/g  of  body  weight  was  given.  Eight  animals  were  used  in 
each  group  except  for  the  borohydrida  control  in  which  case  four  animals 
wars  used.  Tha  route  of  adainistration  was  intraperitoneal.  No  animals 
died  when  given  toxin  that  had  been  subjected  to  pulse  hydrolysis,  total 
hydrolysis,  toxin  treated  with  borohydrida,  or  tha  borohydrida  control. 
In  tha  animals  given  tmtreatad  toxin,  7  out  of  8  animals  died  within  3 
hours.  Thesa  findings  indicate  that  the  several  treatments  applied  to 
the  toxin  result  in  loss  of  toxicity. 

Botea  at  al  (17)  found  that  pulse  hydrolysis  of  cyanoglnosln  LA 
gave  a  linear  peptide  apparently  consisting  of  tha  following  structure: 
ala-leu-^-nethyl-aspartats*ala>adda(lacklng  a  isathoxy  moiety) 'glu.  Our 
studies,  as  described  above,  indicate  that  pulse  hydrolysis  of 
cyanoglnosln  Ul  toxin,  which  would  presumably  lead  to  tha  formation  of  a 
comparable  linear  peptide  except  that  arginine  would  replace  the  second 
alanine  residue,  leads  to  loss  of  toxicity.  This  finding  could  be 
interpreted  to  indicate  that  tha  dehydropeptide  moiety  is  essential  for 
toxicity.  However,  pulse  hydrolysis  apparently  also  loads  to  loss  of  a 
mathoxy  group  so  that  toxicity  mi^t  also  require  tha  intact  adds 
structure.  On  the  other  hand,  in  our  studies  it  was  found  that 
treatment  of  tha  LR  toxin  with  sodium  borohydrida  led  to  loss  of 
toxicity.  Since  this  reaction  would  not  be  expected  to  induce  a  loss  of 
a  mathoxy  moiety  from  tha  adda  structure,  the  findings  point  to  the 
dehydropeptlde  moiety  as  an  essential  stmctural  feature  required  for 
toxicity.  According  to  this  interpretation,  treatment  of  the  toxin  with 
borohydrida  converts  the  dehydropeptlde  linkage  to  a  saturated  peptide 
linkage  and  this  change  is  associated  with  loss  of  toxicity.  Since  it 
appears  that  this  is  tha  only  effect  of  borohydrida  treatment,  we 
tentatively  conclude  that  the  dehydropeptlde  moiety  of  the  toxin  is 
essential  for  toxicity.  This  finding  nay  be  of  considerable 
significance  in  relation  to  mechanisms  for  detoxication.  Thus,  it  is 
known  that  dehydropeptidas  interact  affectively  with  SH-containing 
compounds,  and  a  number  of  SH-compounds  that  can  be  safely  administered 
to  animals  are  known  (see,  for  example,  below). 

-Etudiaa  on  tha  InteractioiL  of  Cvanoxinosin  Toxin  with  Glutathione 

Since  the  toxin  has  now  become  available  to  us,  it  has  been 
possible  to  initiate  this  work  and  to  carry  out  some  preliminary 
studies.  This  may  be  a  promising  pathway  of  research  because  our  first 
studies  have  shown  that  mice  that  have  approximately  50%  depletion  of 
hepatic  glutathione  are  more  sensitive  to  cyanoginosin  toxin  than  are 
the  control  animals.  In  further  work  we  plan  to  pursue  the  effect  of 
buthionine  sulfoxlmine  on  cyanoginosin  toxicity  because  much  lower 
levels  of  glutathione  can  be  achieved  through  use  of  this  drug.  Various 
approaches  previously  da-<'eloped  in  this  laboratory  will  be  applied  to 
increase  hepatic  glutathione  levels  and  to  determine  the  affects  of  such 
metabolic  modulation  on  toxicity. 
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Appendix  2 

Seaples  of  glutathione  esters,  as  follows,  were  sent  to  USAMRIID 
on  May  19,  1986: 

1  g  Glutathione  monoethyl  ester  hydrochloride  (MW  ••  371. C4} 

1  g  Glutathione  mono •isopropyl  ester. 1/2  H2S0^  (MW  ••  398.44) 

100  ag  Glutathione  aonoethyl  ester,  free  bass  (MW  -  335.38) 

In  addition,  a  saaple  of  10.1  g  of  L*2*oxothiazolidlne*4- 
carboxylic  acid  was  also  sent  on  May  19,  1986. 

The  following  procedures  are  recoBnended  for  preparing  solutions 
of  these  cootpounds  for  biological  experiaents: 

1.  2*Oxochiazolidina-4*carboxylic  acid  is  freely  soluble  (at  least 
1  M)  and  only  needs  to  be  pH  adjusted  to  7  with  1  equivalent  of  sodiua 
hydroxide.  As  a  solution  it  is  stable. 

2.  Glutathione  aono< isopropyl  ester. 1/2  H2S0^  and  glutathione 
aionoethyl  ester  free  base  are  stable  as  powders,  but  should  be  kept 
desiccated  to  be  coapletely  safe.  As  with  all  esters,  their  solutions 
are  not  stable:  Make  thea  j\ist  before  use.  The  glutathione  monoethyl 
ester  free  base  should  require  no  or  little  sodiua  hydroxide  to  Ph 
adjust  to  7.  The  glutathione  monoethyl  ester  hydrochloride  and  sulfate 
aay  require  about  one  equivalent  of  sodiua  hydroxide  to  pH  adjust  to  7. 

Distilled  and  deionized  water  is  recommended  to  reduce  metal 
contaainatlon,  which  can  cause  thiol  oxidation. 
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